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Introduction
A m m onium hexavanadate, (N H 4 ),V60 ]6, is the first decom position pro d u ct o f am m onium m eta v anadate, N H 4V 0 3, when heated in air in an open system (" n o n -red u ctio n " case) [1] , The kinetics o f this reaction has been reported elsewhere [14] , On fu rth er heating, (N H 4)2V60 16 m ay not only loose am m onia and w ater to form V20 5 b u t could as well be reduced by am m onia. It has been shown [1 ] , th a t this observation can explain the diversity o f interm ediate "co m p o u n d s" described in the lit erature. In ord er to confirm the idea, th a t under equilibrium conditions a redox reaction between N H 4+ ions and vanadium (V ) takes place in the case o f (N H 4)2V60 ,6 as well as in th at o f N H 4V 0 3, we investigated the high-tem perature reactions o f (N H 4)2V 60 16 in a closed high-pressure system, the effect o f pressure being merely to keep the reac-tan ts together and to prevent losses o f am m onia and w ater during the high tem perature reaction.
Surprisingly enough, no structural details were available for (N H 4)2V 60 [ 6, which is produced in very large am o u n ts by technical processes used for the recovery o f vanadium from vanadium -bearing titano-m agnetite ores [2] . To get single crystals suitable for a crystal stru ctu re analysis we first had to re-exam ine som e m ethods for the p reparation o f (N H 4)2V 60 |6 described in the literature.
In the present p ap er we report the results o f a crystal structure analysis for (N H 4)2V 60 16, details o f its infrared spectra, and the results o f high-pres sure high-tem perature decom position.
Preparation of (N H 4)2V60 , 6
Several m ethods for the prep aratio n o f (N H 4)2V 6O i6 have been described in the literature. A fter prelim inary experim ents and with the experi ence from a study o f the therm al decom position of n h 4v o 3 [1 ] we decided to re-exam ine some o f these m ethods in o rd er to get as pure sam ples as possible as starting m aterials for the subsequent investigations. A n o th er objective was to find out w hether any one o f these m ethods could, p erhaps in a som ew hat m odified form , result in single-crystal, suitable for a X -ray crystal stru ctu re analysis.
All p roducts have been characterized by chem i cal analysis for V, N and H. In fo rm atio n a b o u t the crystalline phases present cam e from X -ray G uinier p atterns. U nfortunately, som e o f the p roducts proved to be am o rp h o u s by X -rays. In this situ a tion, the m id-infrared spectra were very helpful to identify the com pounds form ed. T he results o f som e representative experim ents are sum m arized in Table I .
The following m ethods have been re-exam ined (for experim ental details, refer to the original p a pers): This reaction is very simple, b u t difficult to c o n trol. F u rth e r loss o f am m onia an d w ater from (N H 4)2V 60 , 6 eventually yields V20 5. A fter heating N H 4V 0 3 at 205 °C for 30 h a reddish-brow n a m o r phous pow der was obtained. The value o f 4.04 for the V /N ratio showed th a t som e V 2O s already had been form ed. A fter fu rth er h eating at 205 °C (9 days) lines o f (N H 4)2V 6O l6 becam e visible on a G uinier p attern , after 3 weeks at 205 °C, how ever only V20 5 could be detected. In conclusion, this m ethod does not seem to be very suitable for the prep aratio n o f pure (N H 4)2V60 16. A n adm ixture o f V20 5 is alm ost unavoidable. In addition, the p ro d ucts are very badly crystallized. A nnealing im proves the crystallinity, but at the same time the am o u n t o f V20 5 present is increased as well.
As has been show n elsewhere [1 ] , there is also the possibility o f some side reactions resulting from the reduction o f vanadium (V ) by am m onia.
M ethod B:
A cidification o f a hot aqueous solu tion o f N H 4V 0 3 (K elm ers [4] ), according to the eq uation [6] C olour red-brow n red orange orange-yellow The co o rd in atio n polyhedron aro u n d nitrogen is not so well characterized as those a ro u n d V (l) and V(2). It can p erhaps be best described as a bi capped trigonal prism (Fig. 5) . F rom the N -O dis tances (T able III), how ever, a 10-fold or even 
Infrared Spectra
It was already repo rted The N -H stretching m odes in (N H 4)-,V60 I6 at various isotopic concentrations are show n in Fig. 6 , and it is evident in the spectra show ing 95% H sam ples at room tem perature and 90 K , th a t a single b and is observed at 3214 cm 1 at 300 K re presenting v3(N H 4+). A t low tem peratures, a te n ta tive assignm ent o f the N -H m odes can be m ade as follow: 3247 (v3), 3197 (v3) and 3177 (v3), thereby accounting for all the three IR-active com ponents o f v3. v, can be assigned to the satellite at 3103 c m "1, which shows indications o f being split w hich is, o f course, in contradiction to the selec tion rules. Lastly the prom inent absorption peak at 3050 cm " 1 is assigned to v2 + v4. v2 does not split into tw o com ponents, even at 90 K, and v4 which occurs at 1406 cm " 1 at 300 K, splits into three com ponents at 1385, 1398 and 1420 cm " 1 at 90 K. In (N D 4) 2V60 ,6 v3 occurs at 2436, 2428 and 2404 c m "1, respectively, and v, can be assigned to a b ro ad an d rath er diffuse shoulder th a t occurs at 2385 cm " 1. v4 is split into three com ponents at 1059, 1067 and 1083 cm "1. In (N D 4)2V 60 , 6 the n u m ber o f observed fundam entals closely agrees w ith the theoretical predictions. A full assignm ent o f all these m odes will be published elsewhere [15] , H ow ever, the fundam ental V -O stretching m odes, in particular, can n o t be assigned unam big uously in (N H 4)2V 60 ,6 since, like in all other N H 4+ -com pounds, the frequency region w here these b ands occur is also com plicated by the occurrence o f co m binations and overtones such as v2 + v4, 2 v2 and 2 v4. Some o f these have also been observed in the infrared spectra o f (N H 4)2V60 16, as is show n in 
High Pressure Reactions
T he high-pressure experim ents were perform ed in a m odified Belt-type a p p a ra tu s using capsules m ade from silver. E xperim ental details have been described elsewhere [13] , A fter reaction at the de sired p,T -conditions (reation tim e was usually 30 m in) the sam ples were quenched to am bient conditions and investigated by X -ray m ethods (H u b er G uinier system 600 for m icrocrystalline sam ples; W eissenberg and precession m ethods for single crystals), m icroscopic ex am ination, and chem ical analysis. The financial su p p o rt given by the F onds der C hem ischen Industrie and the U niversity o f P re to ria is gratefully acknow ledged. W e th ank D r. U. K lem ent for the collection o f diffractom eter data.
